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…some recent references 

http://physics.rockefeller.edu/dino/myhtml/talks/
goulianos_konstantin_eds09_factorization.pdf 

…goulianos_konstantin_eds09_detectors.pdf 

  Factorization Breaking in Diffraction 

  The Forward Detectors of CDF and D0 

  Diffractive and Total pp Cross Sections at LHC 
…goulianos_konstantin_eds09_sigma.pdf 

  What can we Learn / Expect on Elastic and Diffractive Scattering 
from the LHC Experiments?  (discussion session – see K. Eggert’s talk) 

… goulianos_konstantin_eds09_ discussion.pdf 

Presented @  
CERN, 29th June - 3rd July 2009  
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p-p Interactions 
Diffractive: 

Colorless exchange carrying   
vacuum quantum numbers 

Non-diffractive: 

Color-exchange 

P
O
M
E
R
O
N 

Goal: understand the QCD nature of the diffractive exchange 

rapidity gap  
Incident hadrons 
acquire color 
and break apart 

CONFINEMENT  

Incident hadrons retain 
their quantum numbers 
remaining colorless 

pseudo- 
DECONFINEMENT 
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Definitions 

xp 

MX 
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dN/dh 
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Rap-gap 
Dh=-lnx 
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Rapidity 
Gaps in 

Fireworks  

Rapidity Gaps  
in Fireworks 
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Diffraction at CDF 

JJ, b, J/y,  W p p 
JJ…ee…mm...gg  exclusive 

Single Diffraction 

dissociation (SD) 
Double Diffraction 

dissociation (DD) 

Double Pomeron 

Exchange (DPE) 
Single + Double 

Diffraction (SDD) 

SD SD SD SDD 

h 
f 

Elastic scattering Total cross section sT=Im fel (t=0) 

OPTICAL 
THEOREM h 

f 
gap 
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sT
SD (pp & pp) 

Factor of ~8 (~5) 
suppression at  
√s = 1800 (540) GeV  

 suppressed relative to Regge prediction 

KG, PLB 358, 379  (1995) 
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  M2 scaling 

KG&JM, PRD 59 (1999) 114017 

D

 factorization breaks down to ensure M2 scaling!  



s



12

2

2 )(M

s

dM

d

renormalization 

1 

 Independent of s over 6 
orders of magnitude in M2 ! 

 ds/dM2 independent of s over 6 orders of magnitude! 
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Renormalization 

 

   

 

   Flux integral depends on s and s0 

 

   “knee” √s-position determines s-value 

       where flux becomes unity  get so 

   get error in so from error in √s-knee  

         dso/so = -2 ds/s = -4 (d√s)/√s 
 


s

2
~ s

SD

1dtdξξ)(t,f 0
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/1ξ

IP/p
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σd
pIPIP/p
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0s

)(s /2

0 tgPPP

Pomeron flux 


s

2
~ s

SD

Saturation /  Single Diffraction 

KG, PLB 358 (1995) 379 
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Diffractive Structure Function (DSF) 

H1 

momentum fraction 
of parton in Pomeron  

Using preliminary pdf’s from 

same suppression 
as in soft diffraction 

Xdijetppp 

Breakdown of QCD factorization 
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sT
SD and dijets 

~8 

ZEUS and H1 vs. CDF 

ξ

x
β H1 

ZEUS 

CDF KG, PLB 358 (1995) 379 

1dtdξξ)(t,f

0.1

ξ

IP/p

0

tmin

 


sT
sd 

~ 8 

soft 
g* e 

p p p 

p p 

dijet 

Magnitude: same suppression factor in soft and hard diffraction! 
Shape of b distribution: ZEUS, H1, and Tevatron – why different slapes? 

b 
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Hard diffractive fractions 

All fractions ~ 1%  
  (differences due to kinematics)  

   ~ uniform suppression 
   ~ FACTORIZATION ! 

h 

dN/dh 

gap)(  Xpp

1.45 +/- 0.25 J/y 

0.62 +/- 0.25  b 

0.115 +/- 0.55 W 

0.75 +/- 0.10 JJ 

Fraction  (%) Fraction: SD/ND  

@ 1800 GeV 

FACTORIZATION ! 

Run I 
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Exclusive Dijet and Higgs Production 

H DPEMC 

Phys. Rev. D 77, 052004 

ExHuME 
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Exclusive Dijet x-section vs. Mjj 

line: ExHuME hadron-level exclusive di-jet cross section vs. di-jet mass  

points: derived from CDF excl. di-jet x-sections using ExHuME 

Stat. and syst.  errors are propagated from measured cross section  
uncertainties using  Mjj distribution shapes of ExHuME generated data. 



FP@LHC 2009 Diffraction at CDF and cross sections at the LHC       K. Goulianos     18 

1   Introduction 
2  Diffraction at CDF: 17 PRLs / PRDs 

     see http://physics.rockefeller.edu/publications.html 

3  Current data analyses 
 Diffractive dijet SF.. - under internal review 
 DSF in DPE………………..  - final stage of analysis 
  Diffractive W/Z………. - under internal review 
       Central gaps……………….      – towards internal review 
 

4   Cross sections at the LHC 

3 



FP@LHC 2009 Diffraction at CDF and cross sections at the LHC       K. Goulianos     19 

DSF from Dijets in Run II 

xBj - distribution 

) (x F 

) (x F 

Bj 

ND 

jj 

Bj 

SD 

jj 

) (x Rate 

) (x Rate 
) R(x 

Bj 

ND 

jj 

Bj 

SD 

jj 

Bj   

b - slope of t-distribution  t - distribution 

• The xBj-distribution of the SD/ND ratio has no strong Q2 dependence 

•  the slope of the t-distribution is independent of Q2 

•  the t-distribution displays a diffraction minimum at |t| ~ 2.5 (GeV/c)2 (?) 

  all three results   “first observation”  

 ?????? ?????? 
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Dijets - ET distributions 

 similar for SD and ND over 4 orders of magnitude Kinematics 



FP@LHC 2009 Diffraction at CDF and cross sections at the LHC       K. Goulianos     21 

DSF from Dijets in DPE 

Does QCD factorization hold for 

the formation of the 2nd gap?  

SD 

DPE 

Δηgap (≈ -lnξ) 

Fjj
D 

GAP 

GAP 

stay tuned… 
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Diffractive W/Z Production 

ND W 
w/soft SD 

overlap 

W, Z 

p 

p 

p 

P 

η

s

E
ξ e

towers

Tcal 



ν
η

s

E
ξξ eTcalRPS

/


CDF (press release 2007): 80,413 +/- 48 MeV/c2 

RW (0.03 < x < 0.10, |t|<1)= [0.97 ± 0.05(stat) ± 0.11(syst)]% 

Run I: RW =1.15±0.55 % (x<0.1)  estimate 0.97±0.47 % (0.03 < x < 0.10 & |t|<1) 

RZ (0.03 < x < 0.10, |t|<1)= [0.85 ± 0.20(stat) ± 0.11(syst)]% 

RESULTS 

 use CAL and Roman pots to get hn 

- probes the quak content of the Pomeron 
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Central gaps 

Jet Jet gap 
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…some references 

http://physics.rockefeller.edu/dino/my.html 

CDF     PRD 50, 5518 (1994) sel @ 1800  & 546 GeV 

CDF     PRD 50, 5535 (1994) sD @ 1800  & 546 GeV 

CDF     PRD 50, 5550 (1994) sT @ 1800  & 546 GeV 

KG-PR    Physics Reports 101, No.3 (1983) 169-219  

               Diffractive interactions of hadrons at high energies 

KG-95     PLB 358, 379  (1995);  Erratum: PLB 363, 268 (1995)                 

      Renormalization of hadronic diffraction 

CMG-96  PLB 389, 176  (1996)  
                Global fit to p±p, p± and K±p cross sections 

KG-09      arXiv:0812.4464v2 [hep-ph] 26 March 2009 
                Pomeron intercept and slope: the QCD connection 
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 Standard Regge Theory 

Parameters: 

  s0, s0' and g(t) 

  set s0‘ = s0 (universal IP) 

  g(t)  g(0) ≡ gPPP see KG-PR 

  determine s0 and gPPP – how? 

(KG-95) 



FP@LHC 2009 Diffraction at CDF and cross sections at the LHC       K. Goulianos     27 

Global fit to p±p, p±, K±p x-sections Global fit to p±p, p±, K±p x-sections 

   INPUT 

  RESULTS 

CMG-96  

Use standard Regge theory 

negligible 
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Born 

Eikonal 

sT at LHC from global fit 

  s @ LHC √s=14 TeV: 122 ± 5 mb Born,  114 ± 5 mb   eikonal 

        error estimated from the error in  given in CMG-96 

caveat: so=1 GeV2 was  used in global fit! 

Compare with SUPERBALL s(14 TeV) = 113 ± 6 mb  
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Unitarity and Renormalization 

  Two free parameters: s0 and gPPP 

  Obtain product  gPPP•s0
 / 2  from sSD 

  Renormalized Pomeron flux determines s0 

  Get unique solution for gPPP 

Pomeron-proton x-section 

)(sσξ)(t,f
dtdξ

σd
pIPIP/p

SD

2

x


0s

)(s /2

0 tgPPP

Pomeron flux 
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The value of so- limited edition 

CDF 

shape of renormalized sSD 

E396 
  use CDF points to fix the level of renormalized curve 

  use E396 points to fix the level of the Regge curve 

  both curves are somewhat high in this plot 

 adjusting height leads to the same “knee” position 

shape of Regge s2 



FP@LHC 2009 Diffraction at CDF and cross sections at the LHC       K. Goulianos     31 

The value of so -  a bird’s-eye view 

“knee” @ 22 ± 1 GeV      s0 = 1 ± 0.2 GeV  

KG-95 

                                        √s (GeV)   

  Cool [KG] FNAL 14 20     

   Albrow  ISR 23.3 26.9 

o    Armitage ISR 23.3 27.4 

 

 error in knee position: ± 1 GeV 

11/2 GeV1.1mb0.69(t)g PPP
KG-95 

riple-Pomeron coupling: 
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sT
SD and ratio of a'/ 

CTEQ5L 
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  Froissart bound                                 (s in GeV2)  

 

  For m2 = mp
2    p / m2 ~ 104 mb – large! 

  If m2 = so = (mass)2 of a large SUPERglueBALL, the bound can be 

reached at a much lower s-value, sF, 

                                                          

  Determine sF and s0 from sT
SD  

 

  Show that √sF < 1.8 TeV   

 

  Show that at √s = 1.8 TeV Reggeon contributions are negligible  

 

  Get cross section at the LHC as 

 

 

 

Total Cross Section at LHC 

 
F

2

o

FF
s

s
ln

s

π
)σ(sssσ 

s2

2
ln
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  Froissart bound  

 

  Valid above “knee” at √s = 22 GeV and therefore at √s = 1.8 TeV 

 

  Use superball mass: 

 

      m2 = s0 = (1±0.2) GeV2 

 

  At √s 1.8 TeV Reggeon contributions are negligible (see global fit)  

 

 

  

 

 

s2

2
ln

m

π
σ 

 compatible with CGM-96 global fit result of 114 ± 5 mb (see next slides)   

The SUPERBALL cross-section 

    mb611963924.203.80
s

s
ln

s

s
ln

s

π
σσ
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2
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LHC
2
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BACKUP 

CDF “Tokyo”-Pot Detectors – Built by the University of Tsukuba, Japan 

 A48 collimator  

 Roman pots  

 readout 
 electronics  

 to CDF 
 central  
 detector  

beamline RP 3  
RP 2  

RP 1 

In the Tevatron Tunnel 

The Roman-Pot Detectors at CDF 

Roman-Pot Detector Design – by The Rockefeller University 

The three Roman pots each 
contain detectors consisting of: 

● Trigger scintillation counter 
2.1x2.1x0.8 cm3      

● 40 X + 40 Y fiber readout 
channels 

– Each consists of 4                     
(→ bigger signal)                
clad scintillating fibers     

0.8x0.8 mm2                                 (new 
technology at the time) 

– X,Y each have 2 rows of 20 
fibers spaced 1/3 fiber width 
apart for improved position 
resolution (three times better 
than with a single row)  

Path of the Antiproton through the Tevatron Magnets 

● Dipole magnets bend recoil 
antiprotons which have lost 
momentum towards the inside of 
the Tevatron ring, into the Roman 
pots 

● Knowledge of the beam optics, the 
collision vertex position, and the 
antiproton track position and angle 
in the Roman-pot detectors are 
used to reconstruct the kinematics 
of the diffractive antiproton 

dipoles          

bend the beams around 

the ring and the diffractive 

antiprotons into the 

Roman pots 

electrostatic 

separators  

separate the proton 

and antiproton 

beams 

low-beta 

quadrupoles  

focus the beams at the 

CDF interaction point 

Corrector 

dipoles and 

skew quad 

used for fine 

tuning the beam 

orbit 

Concept of a Roman Pot 

Bellows allow detectors to move close to the beam while maintaining vacuum 

fiducial area 
of detector 
(2.1x2.1 cm) 

  “pot” 
(not under 
 vacuum) 

bellows: 
expanded    contracted 
pot out         pot in    

vacuum 

recoil antiproton 

inside of 
pot 

motor to drive 
bellows 

beampipe 

bellows 

detector 
goes 

inside pot 

Physics Using the Roman-Pot Detectors 

● The Roman-pot 
detectors are used to 
study diffractive 
interactions 

● Elastic scattering was 
measured by CDF in 
1988-1989 using 

Roman pots (not those 
described here) in both 
the proton and 
antiproton direction 

In elastic scattering, both the 

proton and antiproton escape in 

the forward direction very close to 

the beam direction 

In single diffraction, the (anti)proton 

escapes in the forward direction 

where it can be detected in the 

Roman pots  

In double pomeron 

exchange, CDF detects the 

forward antiproton, but not 

the proton 

   Non-Diffractive            Elastic Scattering           Single Diffractive           Double Pomeron 

                                                                                                                          Exchange 

 

Typical interactions 

studied at CDF: particle 

production fills the 

detector 

Elastic scattering: 

nothing in the central 

detector 

Diffraction: gap between 

particle production and 

forward antiproton 

DPE: gap in both 

forward regions and 

particle production in 

between 

CDF had three Roman pots (RP1, RP2, RP3) 

located 57m downstream of the interaction point 

along the antiproton beam direction. 

They were used to detect antiprotons which  

underwent a “diffractive” interaction and were  

scattered in a direction very close to that of the  

original beam. 

pot out pot in 
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Gap survival probability 

0.23GeV)(1800S gapgap/01

gapgap/12 



0.29GeV)(630S gapgap/01

gapgap/12 



S =  
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CDF and D0 Detectors 


